The reaction of 2-[2-(4-fluorophenyl)-2-oxo-1-phenylethyl]-4-methyl-3-oxo-pentanoic acid phenylamide with tertiary butyl carbazate and subsequent condensation of the resulting carbamate derivative with a chalcone provided a facile new approach to pyrrolo[1,2-b]pyridazine derivatives.
Introduction
Pyrrolopyridazine derivatives have various biological applications [1] [2] [3] [4] [5] [6] [7] [8] , and their fluorescent properties have been investigated for potential use in sensors, lasers, and semiconductor devices [9] [10] [11] [12] [13] .
The synthesis and properties of pyrrolo [1,2-b] pyridazine derivatives were reviewed in 1977 by Kuhla and Lombardino [14] . Subsequently, new methods for the synthesis of these compounds have been described, which can be classified into two main approaches. The first involves condensation reactions, such as the condensation of oxazolo [3,2-b] pyridazinium perchlorates with malononitrile, ethyl cyanoacetate and ethyl malonate in the presence of sodium ethoxide [15] ; the condensation of 1,4,7-triketones with hydrazine followed by dehydrogenation [16] ; the condensation of cyanoacetic acid hydrazide with 3-bromo-1,1,3-tricyano-2-phenylpropene [17] ; and the reaction between 3-chloropyridazines with propargylic alcohol in the presence of Pd(PPh 3 ) 2 Cl 2 -CuI with diethylamine as the reaction medium [18, 19] . The second approach is based on cycloaddition reactions, such as the cycloaddition of dimethyl acetylenedicarboxylate to the Reissert compound of pyridazine [20] , the 1,3-dipolar cycloaddition of pyridazinium dichloro- methylide generated by the carbene method [21] , and the cycloaddition of alkylidene cyclopropane derivatives to pyridazine in the presence of Pd(PPh 3 ) 4 [22] .
Pyrrolo [1,2-b] pyridazine derivatives can also be synthesized from 1-aminopyrrole and its derivatives. This original method was reported by Flitsch and Krämer (in 1968-9) [23, 24] , who obtained a series of unsubstituted pyrrolopyridazines from 1-aminopyrrole and β-dicarbonyl compounds. Benzoylacetone, on condensation with 1-aminopyrrole, forms only one isomer, 2-methyl-4-phenyl-pyrrolopyridazine, whereas benzoylacetaldehyde yields a mixture of 2-phenyl-and 4-phenylpyrrolopyridazine. 3-Phenylpyrrolopyridazine is obtained from phenylmalonaldehyde and 1-aminopyrrole [25] . Unsubstituted pyrrolopyridazine ( Figure 1 ) was synthesized in 21% yield from 1-aminopyrrole and 3-ethoxyacrolein diethylacetal [26] .
As a part of our continued interest in the development of new synthetic methods for highly substituted pyrrole and indole derivatives [27, 28] , we have developed a new synthetic route to pyrrolo [1,2-b] pyridazines through a hitherto unprecedented approach from a BOC-protected 1-aminopyrrole derivative and α,β-unsaturated ketones. [29] in the presence of p-TSA in the same medium. Pyrrolo [1,2-b] pyridazine derivatives, i.e. 4,7-bis-(4-fluorophenyl)-4a-isopropyl-2,6-diphenyl-4a,7-dihydropyrrolo[1,2-b]pyridazine-5-carboxylic acid phenylamide 5a, were expected as products in this synthetic sequence (Scheme 1). However, IR, mass, HRMS, and 1 H, 13 C, and 2D NMR spectral data of the product confirmed the structure of the product as 4,7-bis-(4-fluoro- (Table 1 ).
In the mass spectrum of the compound, the molecular ion peak was observed at m/z 502 (M + ), instead of m/z 621 (M + ); HRMS data also confirmed the m/z 502 (M + ) and molecular formula as C 34 H 28 F 2 N 2 , in accord with structure 6a and not with 5a. The IR spectrum lacked any -C=O absorption. [30] that the 4° carbons of the pyrrole ring resonate at 118 (C-8), 122 (C-6), 124 (C-5), and 132 (C-7). The HMBC spectrum displayed the 13 A plausible mechanistic pathway for the formation of compounds 6a-j involves hydrolysis and decarboxylation of carbamate 3, subsequent condensation with chalcone 4a-j to provide alkenyl imine 9, its sequential hydrolysis and decarboxylation, followed by cyclization and migration of the isopropyl group (Scheme 2).
To substantiate the proposed mechanism, the amine 8 was independently prepared from compound 3 by treatment with 33% hydrobromic acid in acetic acid at 30 °C followed by reaction with 4a in the presence of I 2 (0.05 equiv) in refluxing ethyl alcohol to provide alkenyl imine 9, which was characterized on the basis of its mass, 1 H and 13 C NMR, DEPT, and IR spectral data. Compound 9 was heated in toluene in the presence of p-TSA for 10-12 h and the resulting compound was found to be identical to product 6a. Hydrolysis of the amide group and subsequent decarboxylation was carried out on pyrrole derivative 15 to afford the 2,3-diaryl pyrrole derivative 16 (Scheme 3).
With a view to extending this protocol to aliphatic systems such as α,β-unsaturated ketones, carbamate 3 was treated with crotonaldehyde under similar conditions. However, the alkenyl imine analogue 9 thus obtained did not undergo further reaction. This may be due to the +I effect of alkyl groups, whereas in the case of aryl groups (−M effect) the olefinic carbon is electron deficient and therefore cyclization is favorable. To aromatize the pyrrolopyridazine ring system, the compound 6a was heated in the presence of p-TSA in toluene at 110 °C for 25.0 h and the resulting compound to yield 4,7-bis-(4-fluorophenyl)-5-isopropyl-2,6-diphenylpyrrolo[1,2-b]pyridazine (17a, Scheme 4). Other pyrrolopyridazine derivatives 6a-j were converted into corresponding dehydro derivatives 17a-j under similar conditions (Table 2) .
Conclusion
In conclusion, a facile new approach has been developed for the synthesis of pyrrolo[1,2-b]pyridazine derivatives from commercially available and environmentally friendly chemicals. This newly developed method offers quick access to building blocks for various products with pyrrolo[1,2-b]pyridazine cores.
Experimental
The 1 H, 13 C NMR spectra were recorded in DMSO-d 6 
